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@ Absorbent and method for production of absort>ent resin.

@ A method for the production of an absorbent

resin having a very small resklual monomer
content either by adding to an absorbent resin

powder a substance capable of reacting with

the residual monomer in the at>sorbent resin

powder thereby forming an absorbent resin

composition having a water content in the

range of 10 to 70% by weight and heaMreating

the absorbent resin composition at a tempera-

ture in the range of 100* to 200 'C whfle retain-

ing the water content of the absorbent resin or

by adding to an absorbent resin powder a subst-

ance capable of reacting with the residual

monomer in the absorbent resin powder there-

by fbmiing an absorbent resin compositk>n hav-

ing a water content in the range of 25 to 55% by

weight, heat-treating the absorbent resin

composition at a temperature in the range of

120*" to 200 ''C whOe retaining the water content

of the absort>ent resin composition in the range

mentioned above, and then drying the al>sor-

bent resin composition at a temperature not

exceeding 120 **C-
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This invention relates to an absorbent and a

method for the production of an absorbent resin.

More particularly, it relates to an absorbent having an

extremely low residual monomer content and a meth-

od for producing an absorbent resin having a notably

low residual monomer content without adversely af-

fecting absorption properties thereto.

In recent years, the use of a various absorbent

resins as one component material for sanitary napkin,

disposable diaper, and other sanitary products serv-

ing to absorb bodily fluids or as an agronomic water-

retaining agent has been prevailing.

The absorbent resins of this class heretofore

known to the art include partially neutralized cross-

linked polyacrylic acid, hydrolyzate of starch-

acrylonitrile graft pdymer, partially neutralized

starch-acrylic acid graft polymer, saponified vinyl

acetate-acrylic ester copolymers, and hydrolyzates

of acrylonltrile copolymers or acrylamide copolymers

or cross-linked materials thereof.

However, these absorbent resins generallysuffer

persistence of unaltered monomers therein. When
these absorbent resins are used in the fields of san-

itary products, foodstuffs, etc., it is particularly desir-

able to lower the residual monomer contents to the

fullest possible extent

Attempts to lower the residual monomers in the

polymers have been made for a long time in the field

ofwater-soluble polymers such as, for eicample, poly-

meric flocculants. The mrethods adopted forthese at-

tempts are broadly sorted under the following three

types as described in JP-A-56-1 03,207:

(1) A method which relies on increasing the

amount of a polymerization initiator or making

split addition of the polymerization initiator.

(2) A method which resorts to extraction as with

a solvent

(3) Amethod which is aimed at changing residual

monomers into derivatives other than polymers.

These techniques may be applied to the opera-

tion oflowering residual monomer contents in the

absorbent resins.

Examples of applicatton of the method of (1) to

absorbent resins are found in JP-A-56-72,005 AND
JP-A-1-24,808. When this method is applied to an ab-

sorbent resin, the polymer or absorbent resin shows
a decrease in molecular weight of backbone polymer

chain, a decrease in absorption capacity due to ex-

cessive self-cross-linking reaction, and an increase in

a water-soluble content Thus, the characteristics of

the absori}ent resin are degraded in spite of a de-

crease in the residual monomer content

One example of the method of (2) is found in JP-

A-1-292.003. Though this method is indeed effective

in lowering the residual monomer content, it can be

hardly called a desirable means because it requires

use of a large amount of a solvent and entails very

costly recovery of the solvent from the polymer.

As typical examples of the method of (3) chang-

ing a residual monomer into derivatives other than

polymers, a method which resorts to addition of an

amine, ammonia, or a similar in the case of a water-

5 soluble polymer (JP-B-33,2,646) and a method which

resorts to additkin ofa salt ofa hydrogen sulfite, a sul-

fite, a pyrosulfitB, or a similar (JP-A-66-103,207), for

example, are disclosed. Examples of direct applica-

tion of this method to absorbent resins are also found

10 in JP-A-1-62,317 and US.A-4,929,717.

Our review of these methods reveals that the

polymer obtained by the method disclosed in JP-A-1-

62,317 still has a high residual monomer content and
* the same remark holds good lor the method of US-

is A-4,929,717, that this method is characterized by

mbcing the polymerwith a substance capable of react-

ing with the residual monomer, adjusting the resultant

mbcture to a water content in the range of 20 to 90%,
and then drying the mbcture at a heightened temper-

20 ature, and that the residual nrxsnomer content de-

creased by this method is still on the level of soxm
tens of ppm, evincing inferiority of the effect of this

method. It is preferable to lower the reskjuat mono-
mer content of the absorbent resin to the fullest pos-

25 sible extent as described abova The absorbent resins

produced by the existing methods suffer persistence

of some tens to some hundreds of ppm of residual

monomer therein. None of the existing absorbents

has attained a decrease of the residual nK>nomer

30 content to below 10 ppm, let alone 5 ppm.

It is, therefore, an object of this invention to pro-

vide a novel absorbent and a method for the produc-

tion of an absorbent resin.

Another object of this invention is to provide an

35 absorbent having a residual nrusnomer atan extremely

low concentration and a method for the production of

the absorbent resin.

The objects are accomplished by a method for

the treating an absorbent resin comprising (a) a step

40 of adding to an absorbent resin a substance capable

of reacting with the residual monomer in the absor-

bent resin thereby forming an absort>ent resin compo-

sition having a water content in the range of 10 to 70%
by weight and (b) a step of heating the absorbent res-

45 in composition at a temperature in the range of 1 00**

to 200 ""C for not less than 1 0 minutes while retaining

the ratk) of change In water content of the absorbent

resin composition within 20%.

The objects are further accomplished by a meth-

60 od for the production of an absorbent resin compris-

ing (a) a step of adding to an absorbent resin powder

a substance capable of reacting with the residual

monon^er in the absorbent resin powder thereby

forming an absQri>ent resin composition having a wa-

55 ter content in the range of 25 to 55% by weight, (b) a

istep of heating the absorbent resin composition at a

temperature in the range of 1 20** to 200 ^'C for notless

than 10 minutes while keeping the water content of
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the absorbent resin composition in the range men-

tioned above thereby forming a processed absorbent

resin, and (c) a step of drying the processed absor-

bent resin at a temperature lower than 120 °C.

The objects are also accomplished by an absor-

bent having a residual monomer at a concentration in

the range of not more than 5 ppm.

The absorbent resin powder to be used in this in-

vention, when placed in water, absorbs a large

amount of water and swells with the absorbed water

and forms a hydrogel. As examples of the at>sorbent

resin powder answering this description, those well-

known polymers mentioned above may be cited. In

consideration of the necessity of decreasing the re-

sidual monomer content and the effect of attaining

this decrease, it Is particularly preferable to use a

partially neutralized cross-linked polyacrylic acid in

the form of powder.

This invention imposes no particular limit on the

form of the absorbent resin. The absorbent resin may

be in the form of gel assumed after the step of poly-

merization and before the step of drying, in the form

of powder assumed after the step of both drying and

crushing, or in the form of particles having the sur-

face region or vicinity thereof already cross-linked.

Among the forms mentioned above, the form of par-

ticles having the surface region and vicinity thereof

already cross-linked proves particularly preferable.

The residual monomer content of the ak>sort)ent resin

is 10 to 1,000 ppm, preferably 10 to 500 ppm, and

more preferably 10 to 300 ppm.

This invention first prepares the absorbent resin

composition by virtue of f^escribed combination at

the step of (a). The substance which is capable of re-

acting with the residual monomer in the absorbent

resin composition must react with the monomer and

convert it into a compound other than a polymer

thereof. As typical examples of the substance fulfill-

ing the requirement, nitrogen-containing compounds

such as ammonia, ammonium salts, hydroxylamines,

and amino acids and reducing substances such as

sulfurous acid (and salts thereof), hydrogen sulfite

(and salts thereof), phosphorous acid (arKi salts

thereoQ. pyrosulfurous acids (and salts thereof), hy-

pophosphorous acki (and salts thereof), and thiosul-

furic acid (and salts thereoQ may be cited. In the light

of the ability to lower the residual monomer content

such reducing substances as sulfurous acid (and

salts thereof), hydrogen sulfite (and salts thereof),

pyrosulfurous acid (and salts thereof), and thiosulfu-

ric acid (and salts thereof) prove particularly prefer-

able.

In the first aspect of this inventk)n, the absorbent

resin at the step of (a) must possess a water content

in the range of 10 to 70% by weight The adjustment

of the absorbent resin with respect to the water con-

tent may be made at any desired tinne. For example,

this adjustment may be carried out before, after, or

during the addition of the substance capable of react-

ing with the reskiual monomer to the absort>ent resin.

The preparation of the absorbent resin is carried out

more often than not by solution polymerization or re-

5 versed-phase suspension pdymerizatton of the wa-

ter-soluble nnonomer. These methods of polymeriza-

tion are invariably carried out generally in the pres-

ence of water. When the absorbent resin which is ob-

tained by such a method of polymerizatton as men-

10 tioned above has a water content in the range of 10

to 70% by weight, it may be used in its unmodified

form at the step of (a). In this case, when the sub-

stance capable of reacting with the residual monomer

in the absorbent resin is added just before the proo-

fs ess of polymerization is completed, it is permissible

to consider the step of (a) to be done in the process

of polymerization. The absorption resin composition

which is obtained as described above niay be contin-

uously subject to the step of (b). Ofcourse, it is per-

20 misslble to polymerize the water-soluble monomer
under conditions deviating from the ranges specified

herein and then add water to the resultant pdymer or

dry the polymer so as to adjust the condittons to the

ranges. When the absorbent resin is a <b7 powder,

25 water must be added to the absori^ent resin to adjust

the water content thereof to a level in the range of 10

to 70% by weight This additkin of water may be ef-

fected by using in place ofwater an aqueous solution

obtained by dissolving the substance capatde of re-

30 acting with the residual monomer in water, by adding

the substance capable of reacting with the residual

monomer prior to the addition of water, or by adding

the substance capable of reacting with the residual

monomer subsequently to the addition of water.

35 The ratio of decrease of the residual monomer is

unduly low if the water content is less than 10% by

weight This ratk) is similarly low if the water content

exceeds 70% by weight The unduly large annount of

water renders the method of processing under dls-

40 cussion uneconomical because the amountof energy

to be required for drying is unduly larga Preferably,

the water content is in the range of 20 to 50% by

weight

It is very imporlant that the absort>ent resin com-

45 position of a water content in the range of 10 to 70%
by weight, preferably 20 to 60% by weight, nK>re pre-

ferably 30 to 50% by weight obtained atthe step of (a)

should be heated while keeping the ratio of change

ofthe water content below the prescribed level. In this

50 case, the residual monomer is notably decreased by

keeping the ratto of change in the water content be-

low 20%, preferably below 1 0%. more preferably be-

low 1%.

By the conventk>nal method, the absorbent resin

55 to which the substance capable of reacting with the

reskiual monomer has been added is immediately

subjected to a drying treatment This invention con-

templates exposing the absorbent resin in the same
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state avoiding water evaporation to a hiigh tempera-

ture for a stated duration.

As a result of the treatnnent described above, the

residual monomer content is notably decreased. As
respects the conditions for the treatment under dis-

cussion, it has been ascertained that the notable de-

crease of the residual monomer is obtained by caus-

ing the absorbent resin to stand at an elevated tem-

perature in the range of 100 **C to 200 **C, preferably

120 to 180 "C. and more preferably 140 «C to 160

^'C for a period in the range of 10 minutes to 10 hours,

preferably 30 minutes to 5 hours, and more preferably

1 to 3 hours, while retaining the ratio ofchange ofthe

water content below 20%, desirably below 10%, and

more desirably below 1%.

So long as the conditions fall within the respec-

tive ranges specified above, no particular restriction

is imposed on the kind of heating means to be used

at the step of (b). As typical examples of the heating

method, a method which effects the heating in a

tightly closed atmosphere, a method which effects

conductive heating in an open system, and a method
which effects the heating by spraying steam may be

cited. The devices which can be effectively used for

the heating In a tightly closed atmosphere Include au-

toclaves, (pressure) channel type stirring heaters,

(pressure) rotary heaters, (pressure) disc heaters,

(pressure) fluidlzed-bed heaters, (pressure) air cur-

rent heaters, (presisure) infrared heaters, (pressure)

hot air heaters, and (pressure) microwave heaters,

for example.

The second aspect of this invention requires the

absorbent resin to acquire a water content in the

range of 25 to 55% by weight at the step of (a). The
adjustment to this water content may be carried out

at any desired time. For example, itmay be made be-

fore, after, or during the addition to the absorbent res-

in ofthe substance capable ofreacting with the resid-

ual monomer in the atisorbent resin. The absorbent

resin is produced more often than not by solution

polymerization or reversed-phase suspension poly-

merization of a water-soluble monomer. These poly-

merizations are generally carried out in the presence

ofwater. When the absorbent resin obtained by such

a method of polymerization has a water content in the

range of25 to 55% by weight it may be used in its un-

modified form atthe step of (a). In this case, when the

substance capable of reacting with the residual

monomer in the absorbent resin is added just before

the process of polymerization is completed. It is per-

missible to regard the step of (a) to be done in the

process of polymerization. The absorbent resin com-
position which is obtained as described above may be

subjected continuously to the step of (b). It is naturally

permissible to polymerize the water-soluble mono-
mer under conditions deviating from the range spe-

cified herein and then either add water to the resul-

tant polymer or dry the polymer so as to adjust the

conditions to the range. When the absort)ent resin is

a dry powder, water must be added in order to adjust

the water content thereof in the range of 25 to 55%
by weight In this case, the addition ofSwaterjustmen-

5 tioned may be effected by using in place of water an

aqueous solution having the substance capable ofre-

acting with the residual monomer dissolved In water,

by adding the substance capable of reacting with the

residual monomer prior to the addition of water, or by

10 first adding water and then adding the substance ca-

pable of reacting with the residual monomer.

The ratio of decrease of the residual rrnsnomer is

unduly low if the water content is less than 25% by

weight This ratio is sirhilarly low if the water content

IS exceeds 55% by weight The unduly lai^e amount of

water renders the method of processing under dis-

cussion uneconomical because the amount of energy

to be required for drying is unduly large. Preferably,

the water content is in the range of 35 to 45% by

20 weight

The absort)ent resin composition of a water con-

tent in the range of 25 to 55% by weight preferably

35 to 45 by weight which has been obtained by the

treatment of the step of (a) is heated at a temperature

25 intherangeof 120''to200*'Cfornotlessthan lOmin-

utes while keeping the water content thereof in the

range mentioned above at the step of (b). For this in-

vention, it is very important that the water content

should be kept in the range of 25 to 55% by weight

30 while the heating is in progress. The fulfillment of this

requirement brings about a conspicuous decrease of

the reskJual monomer. Ideally, this heat treatment is

carried out at a temperature in the range of 120"* to

200 ^'C. preferably 150^ to 170 ^'C, for a period of not

35 less than 10 minutes, preferably not less than 30 min-

utes, and more preferably not less than one hour.

Though no upper limit is particularly setfor the heat-

ing time, the duration of this heat treatment is gen-

erally not more than 10 hours. If the heat treatment

40 is carried out for more than 10 hours, the excess of

heating time brings about no proportionate addition

to the effect but rather entails the possibility of de-

grading the quality of the absorbent resin. This heat-

ing time Is preferably not more than five hours, more

45 preferably not more than three hours. The processed

absorbent resin is then dried at a temperature of less

than 120 ''C atthe next step of (c). By the convention-

al method , the drying is generally carried out at a high

temperature. When the drying is conducted at a high

50 temperature, the disadvantage arises that the resid-

ual monomer content already lowered at the preced-

ing step Is increased again. For this invention, there-

fore, the drying must be carried out at a temperature

of less than 120 **C. For the purpose of further en-

55 hancing the effect of the heat treatment it is prefer-

able to set this temperature in the range of 50'* to 1 00

*G, preferably 60* to 80 *»C.

When the conditions mentioned above fall In the

4
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ranges specified by the invention, no particular limit

is imposed on the heating means to be adopted atthe

step of (b). As typical examples of the heating meth-

od, a method which effects the heating in a tightly

closed atmosphere, a method which effects conduc-

tive heating in an open system, and a method which

effects the heating by spraying steam may be cited.

The devices which can be effectwely used for the

heating in a tightly closed atmosphere are the same

as those cited previously as usable in the first aspect

of this invention.

For the drying at the step of (c), any of the weil-

icnown devices heretofore available for the kind of

drying under discussion may be adopted. When the

heating device used at the step of (b) is used also as

drying means under due operating conditions, the

heating device used atthe step of (b) may be identical

with the drying device used at the step of (c). The step

of (a) and the step of (b) both may be carried out eith-

er continuously or batchwise.

For this invention, it is very important that the

step of (b) for heating the absorbent resin composi-

tion should be carried out at as high a temperature as

possible and the step of (c) for drying the processed

absorbent resin should be carried outat as low a tem-

perature as permissible.

In the first and second aspects of this invention,

the absorbent resin composition is allowed to incor-

porate therein suitable additives for the purpose of

accomplishing the object and effect of this invention

at a still higher level.

As typical examples of the addith^es, inorganic

and/or organic water-insoluble particulate substanc-

es, surfactants, and dispersants like organic sol-

vents may be cited.

The water-insoiuble particulate substances in-

clude inorganic water-Insoluble minute particles sudi

as of silicon dioxide, titanium dioxide, aluminum ox-

ide, magnesium oxide, zinc oxide, talc, calcium phos-

phate, barium phosphate, clay, diatomaceous earth,

zeolite, bentonite. kaolin, hydrotaldte, and acth^ated

clay and organic water-insoluble minute particles

such as of cellulose, ground pulp, ethyl cellulose,

ethyl hydroxyethyl cellulose, cellulose acetate, modi-

fied starch, chitin, rayon, polyester, polyethylene,

polypropylene, polyvinyl chloride, polystyrene, nylon,

polymethyl methacrylate, melamine resin, melamlne-

benzoguanamine resin, activated cart>on, and tea

leaves, for example. These water-insoluble particu-

late substances can be used either singly or in the

form of a mixture of two or more members.

These water-insoluble particulate substances

are required to have a partide diameter in the range

of 0.01 to 1,000 Jim, preferably 0,01 to 50 urn, and

more preferably 0.01 to 10 \xm. In all of these water-

insoluble particulate substances, inorganic water-in-

soluble particulate substances prove desirable.

Among other inorganic water-insoluble particulate

substances, silicon dioxide, titanium dioxide, alumn

num oxide, zeolite, kaolin, and hydrotalcite prove par-

ticularly desirable. Such inorganic particulate sub-

stances as sepiolite which possess a deodorizing

5 function can be used particularly advantageously in

this invention. Among other organic water-insoluble

particulate substances cited above, pulp, ground cel-

lulose, methyl methacrylate particles having a partic-

le diameter of not more than 5 ^m such as, for exano-

10 pie, powdered pdymethyl methacrylate, and activat-

ed carbon prove particularly preferable. When these

water-insoluble particulate substances have under-

gone a treatment for partial deprivation of hydrophi-

licity, they can be used advantageously in this inven-

ts tion.

The surfactants which are effectively usable

herein indude anionic surfactants, nonionic surfac-

tants, cationic surfactants, amphoteric surfactants,

and pdymeric surfactants, for example. These sur-

20 factants can be used either singly or in the form of a

mbcture of two or more members.

The anionic surfactants indude higher alcohol

sulfuric esters, alkyi naphthalene sulfonates, alky)

polyoxyethylene sulfates, and dialkyi sulfosucdn-

25 ates, for example; the nonk>nic surfactants indude

sorbitan fatty acid esters, polyoxyethylene sorbitan

fatty acW esters, (poly)g!ycerol fatty add esters,

polyoxy-ethylene alkyl ethers, polyoxyethylene alkyt-

phenol ethers, polyoxyethylene acyl esters, and su-

30 arose fatty add esters, for example; the catfonic sur-

factants indude alkyl quaternary ammoruum salts

and alkylamine salts, for example; the amphoteric

surfectants indude alkyl betaines and ledthins, for

example; and the macromolecular sur^Krtants in-

35 dude deophific carboxyl group-containing pdymers

and ethylene oxide-propylene oxide block polymers,

for example.

In these surfactants, those of the water-sduble

and/or water-dispersible type prove preferable in ex-

40 celling in the effect of decreasing the residual mono-

mer content without impairing the final product's abil-

ity to absorb liquki.Among otherwater-sduble and/or

water-dispersible surfactants, anionic surfactants or

nonionic surfactants having an HLB value of not less

45 than 7, preferably an HLB value of not less than 10,

are particularly advantageously usable.

The organfe solvents which are effectively used

herein indude hydrophilfc organic sdvents such as

methanol, ethanol, isopropand, butanol. ethylene

so glycol monomethyl ether, ethylene glycol monoethyl

ether, propylene glycol nrK)nomethyl ether, tetrahy-

drofuran, dimethyl formamide, dimethyl sulfoxkle,

acetone, and methylethyl ketone and hydrophobic or-

ganic solvents such as n-pentane, n-heptane, n-oc-

55 tane, cydohexane, cydooctane, methyl cydohexane,

Decalin, benzene, ethyl benzene, toluene, and xy-

lene, for example. The hydrophilic organic sdvents

are preferred over the hydrophobic organk: soh^ents.

5
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When the absorbent resin powder to be used in

working this invention is such in form thatthe powder
obtained by drying and pulverizing the absorbent res-

in orthe surface region or vicinity thereof in a cross-

linlced state, the residual monomercontent can be de- s

creased to a greater extent when the water-insduble

particulate substance, the surfactant, and the organ-

ic solvent mentioned above are used than when they

are not used. Generally, the amount of the water-in-

soluble particulate substance to be used is In the io

range of 0.01 to 5 parts by weight, preferably 0.5 to 2

parts by weight, that ofthe surfactant In the range of

0.01 to 5 parts by weight, preferably 0.5 to 2 parts by

weight, and that of the organic solvent in the range of

0.01 to 8 parts by weight, preferably 0.1 to 5 parts by is

weight, respectively tmsed on 100 parts by weight of

the absorbent resin to be treated.

Further, the absorbent resin which is obtained by

this Invention may be endowed with newfunctions by

having such additives as deodorant, perfume, chehv 20

leal agent, plant growth promoter, fungicide, foaming

agent, pigment, dye, hydrophilic filaments, or fertil-

izer incorporated therein.

The absorbent obtained by the method described
above has a residual monomer content of not nrKMre 2S

than 5 ppm, preferably In the range of 0.01 to about

2ppm.
Now, the present invention will be further descri-

bed below with reference to working examples. It

should be noted thatthe scope of this invention is not 30

limited to these working examples. Wherever the

word "parts" Is mentioned in the working examples,

it refers to "parts by weight" unless otherwise speci-

fied.

The residual monomer content, the water con- 3S

tent and the ratio of change in water conterit which

are described in the working examples were deter-

mined as follows.

(1) Residual monomer content 40

In a beaker having an innervolumeof200ml, 100

ml of delonrzed waterwas wholly gelled by stirring the

delonized water and 1.0 g of a given absorbent resin

added thereto together. One hour thereafter, the gel 45

was shrunk by the addition of 5 ml of an aqueous

phosphoric acid solution and stirred. The absorbent

resin dispersion consequently formed was passed

through a filter paper. The filtrate was analyzed by

the technique of high performance liquid chromatog- so

raphy.

Separately, a calibration curve was prepared by

similarly analyzing standard monomer solutions of

known concentrations. The anraunt of residual mono*
mer in the absorbent resin was found by using the cal- 55

ibration curve as an external standard and taking into

due consideration the ratio of ditutk>n of the filtrate.

(The residual monomer contents to be indicated here-

inafter are invariably numerical values to solid con-

tent, taking water content into conskieration.)

(2) Water content

The water content of a given absorbent resin

composition was determined by allowing a sample of

the compositton to stand in a drying devk^e at 1 80 ''C

for three hours, weighing the dried sample, and find-

ing the decrease In weight and reporting, this de-

crease.

(3) Ratio of change in water content

This magnitude was found by allowing a sample

of a given absorbent resin composition to stand in a

drying device at ISO^'C for three hours thereby deter-

mining the water content ofthe absorbent resin com-
position and performing calculation of the following

formula using the water contents before and after the

heat treatment

Ratk) of change in water content(%} = {[(Water

content after heat treatment) - (Water content t)e-

fore heat treatment)] / (Water content before heat

treatment)} x 100

Referential Example

A solution was prepared by dissolving 141 parts

of sodium acrylate, 36.1 parts of acrylic acid, and

0.093 part of N,N -methylene bis-acrylamide in 329

parts of dek>nized water and deprived of dissolved

oxygen by blowing nitrogen gas therein. The resultant

aqueous monomer solution was kept at 30 **C. Then,

the aqueous nnonomer solution and 0.6 part of so-

dium persulfate and 0.01 partof f-ascorbrcadd add-

ed theretowere subjected togetherto stationary poly-

merizatton to obtain a gel hydrated polymer.

This polymer was dried with hot air at 150 ^'C,

pulverized with a hammer type crusher, and sifted

with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent resin powder (A). This absorbehtres-

in was found to have a residual monomer content of

223 ppm.

Then, by mixing 1 00 parts byweight ofthe afc»sor-

bent resin powder (A) with an aqueous liquid consist-

ing of 1 part by weight of glycerin, 4 parts by weight

of water, and 4 parts by weight of ethand and heat-

treating the resultant mixture at 180 ""C for 30 min-

utes, an absorbent resin powder (B) having the sur-

face region and vtoinity thereof crosslinked was ob-

tained. This absorbent resin powder (B) was found to

have a residual monomer content of 230 ppm.

Example 1

One hundred (100) parts of the absorbent resin

powder (B) prepared in Referential Example was

6
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mixed with 1 .0 partof silicon dioxide (produced by Ja-

pan Aerosil K.K. and marketed under trademark des-

ignation of "Aerosil 100"). An aqueous liquid ofreduc-

ing substance was prepared by dissolving 1 part of

sodium hydrogen sulfite as a reducing substance in 5

60 parts of water and 8 parts of isopropanol. This

aqueous liquid was mixed with the mbcture ofthe ab-

sorbent resin powder (B) with silicon dioxkJe by the

use of a high-speed paddle type mixing device. The

absorbent resin composition consequently obtained io

was found to have a water content of37.5% byweight

Then, the absorbent resin compositbn was

placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 150 for is

one hour. Afterthe heattreatment, the absoft>ent res-

in composition was found to have a water content of

37.1% by weight, a ratio of change of-1% In water

content, and a residual monomer content of 0.4 ppm.

Subsequently, the absorbent resin composition was 20

removed from the vessel, heat-treated at 100 **C for

3 hours, and sifted with a 20-mesh ihetaHic screen to

obtain a thru-20 mesh absorbent This absorbentwas

found to have a residual monomer content of1.4 ppm.

part of silicon dioxide treated to be endowed with hy-

drophobfcity (produced by Japan Aerosil K.K. and

marketed under trademark designation of "Aerosil

R972'). An aqueous liquid of reducing substance was

prepared by dissohnng 2 parts of sodium thiosulfate

as a reducing substance in 20 parts of water. By the

use of a high-speed paddle type mixing device, this

aqueous liquid was mbced with the mixture ofthe at>-

sort>ent resin (B) with the hydrophobic si licon dioxkJe.

The absorbent resin composition consequently ob-

tained vma found to have a water content of 16.5% by

weight

Then, this absorbent resin compositfon was

placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 180 •C for

five hours. After the heat treatment, the absorbent

resin composition was found to have a water content

of 16.7% by weight a ratio of change of-6% in water

content and a reskhial nnonomer content of 1.0 ppm.

Subsequently, the absorbent resin compositfon was

removed from the vessel, dried with hot air at 100

for 3 hours, and sifted with a 20-mesh metallicscreen

to obtein a thru-20 mesh absorbent This absorbent

was found to have a reskiual monomer content of 1 .9

ppm.Example 2

One hundred (100) parts of the absorbent resin

(B) obteined in Referential Example was mfaced with

0.7 part ofsodium dialkyi sulfosuccinate (produced by

Kao Soap Co., ttd. and nnarketed under trademark

designation of "Pelex OT-P*) as a surfactant By the

use of a high-speed paddle type mbdng device, a sol-

ution of 1 parts ofsodium hydrogen sulfite asa reduc-

ing substence in 200 parts of water was rruxed with

the mbcture ofthe absorbent resin (B) with thesurfao-

tent The absorbent resin composition consequently

obteined was found to have a water content of 86.7%

by weight

Then, this absorbent resin composition was

placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in afurnace at200 ^'C for 10

hours. After the heat treatment the absorbent resin

composition was found to have a water content of

55.3% by weight a ratio of change of-17% in water

content and a residual monomer content of 1.2 ppm.

Subsequently, the absorbent resin composition was

removed from the vessel, heat-treated In a fluidized-

bed drying device at 80 **C for3 hours, and sifted with

a 20-mesh metellic screen to obtein a thru-20 mesh

absorbent This absorbent was found to have a reskJ-

ua) monomer content of 1 .3 ppm.

Example 3

One hundred (100) parts of the absorbent resin

obteined in Referential Example was mbced with 1.0

Example 4

30 One hundred (100) parts of the absorbent resin

(B) obteined in Referential Example was mbced with

2.0 parts of aluminum oxide (produced by Degussa

K.K. and marketed under trademark designatfon of

"Aluminum Oxide C^. An aqueous liquid of reducing

35 substence was prepared by dissohnng 1 part of so-

dium sulfite as a reducing substence In 40 parts of

water arKl 2 parts of ethanoL By the use of a high-

speed paddle type mbcing device, the aqueous liquki

was mbced with the mixture of the absorbent resin (B)

40 with aluminum oxkie. The absorbent resin composi-

tion consequently obteinedwas found to have a water

content of 28.6% by weight

Then, this absorbent resin composltfon was

placed in a cylindrical vessel (1) measuring 10 cm In

45 Inskle diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 120 **C for 10

hours. After the heat treatment the absorbent resin

composition was found to have a water content of

28.6% by weight aratlo ofchange of0% In watercon-

50 tent and a residual monomer content of 0.9 ppm.

Subsequently, the absorbent resin compositbn was

removed from the vessel, heat-treated In a fluidized-

bed drying device at 80 •C for3 hours, and sifted with

a 20-mesh metallic screen to obtein a thru-20 mesh

55 absorbent This absorbentwas found to have a resid-

ual monomer content of 1.0 ppm.

7
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Example 5

One hundred (100) parts of the absorbent resin

(B) obtained in Referential Example was mixed with

2.0 parts of activated carbon. An aqueous liquid of re-

ducing substance was prepared by dissolving 1 part

of monoethanol amine as a reducing substance in 70

parts of water and 2 parts of isopropanol. By the use

of a high-speed paddle type mixing device, this aqu-

eous liquid was mixed with the absorbent resin (B)

with the activated carbon. The absort>ent resin conv

position consequently obtained was found to have a

water content of 41.2% by weight

Then, this absorbent resin composition was
placed in a furnace adapted to admit a blown stream

ofsteam and heat-treated therein with the introduced

steam at 140 *C for 30 minutes. After the heat treat-

ment, the absorbent resin composition was found to

have a water content of 46,0% by weight, a ratio of

change of 12% in water content, and a residual mono-
mer content of 0.9^pm. Subsequently, the absorbent

resin composition was removed from the furnace,

dried with hot airat 1 00 ''C for 3 hours, and sifted with

a 20-mesh metallic screen to obtain a thru-20 mesh
absorbent This absorbent was found to have a resid-

ual monomer content of 1,5 ppm.

Example 6

One hundred (100) parts of the absorbent resin

obtained in Referential Example was mbced with 2.0

parts of fine powder of polymethyl methacrylate. By
the use of a high-speed paddle type mbcing device, a

solution of 1 part of sodium hydrogen sulfite as a re-

ducing substance in 60 parts ofwaterwas mbced with

the mbcture ofthe absorbent resin (B) with polymethyl

methacrylate. The absort>eht resin composition con-

sequently formed was found to have a water content

of 37.5% by weight

Then, this absorbent resin composition was
placed in a cylindrical vessel (1) measuring 10 cm in

Inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 100 ^'C for 10

minutes. After the heat treatment, the absort)ent res-

in composition was found to have a water content of

37.5% by weight a ratio ofchange of0% in watercon-

tent and a residual monomer content of 1.9 ppm.

Subsequently, the absorbent resin composition was
removed from the furnace, heat-treated in a flul-

dized-bed drying device at 80 "^C for 3 hours, and sift-

ed with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent This absorbent was found to have a

residual monomer content of 1 .9 ppm.

Example 7

In 329 parts of deionized water, 141 parts of so-

dium acrytate, 36.1 parts of acrylic acid, and 0.093

part of N.N'-methylene bis-acrylamide were dis-

solved. The resultant solution was deprived of dis-

solved oxygen by introducing a blown stream of nitro-

gen gas. The aqueous monomer solution was kept at

5 30 Then, the aqueous solution and 0.6 part of so-

dium persulfate and 0.01 part of ^-ascorbic add add-

ed thereto were subjected together to stationary poly-

merization to obtain a gel hydrated polymer. This gel

polymer was found to have a residual monomer con-

10 tent of 1.2%. In a twin-arm kneader, 100 parts by

weight of this gel polymer as solids and 3 parts of so-

dium sulfite added thereto were mixed.

Then, the gel polymer having a water content of

65.0% t>y weight was removed from the kneader,

15 placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a fiFnace at ISO^C for

two hours. After the heat treatment, the gel polymer

wasfound to have a water contentof62.0% by weight,

20 a ratio of change of-5% in water content and a resid-

ual monomer content of 1 .3 ppm. Subsequently, the

absorbent resin composition was removed from the

vessel, dried with hot air at 120^Cfortwo hours, pulv-

erized with a crushing device, and sifted with a 20-

25 mesh metallic screen to obtain a thru-20 mesh absor-

bent The absorbent was found to have a residual

nrK>nomer content of 1 .9 ppm.

Example 8

30

One hundred (100) parts of the absort>ent resin

powder (B) prepared in Referential Example was
mbced with 1 .0 part of sili(X)n dioxide treated to be en-

dowed with hydrophobicity (produced byJapan Aero-

35 sil K.K. and marketed under trademark damnation

of "Aerosil R972"). Two parts of sodium sulfite was
dissolved in 70 parts ofwater to prepare an aqueous

solution of a reducing substance. The aqueous solu-

tion was added and mbced with the hydrophobically

40 treated silicon dioxide using the high-speed paddle

type mbdng devic:e. Water content of the absort>ent

resin compositk>n thus obtained was 41.5% by

weight

Then the afc^sorbent resin composition was
45 charged to a well dosed paddle drierwhich was heat-

ed at a temperature of 120 ''C, and a part of the ab-

sorbent resin (X}mposition was renfioved after 10 min-

utes. Water content of the absorbent resin composi-

tion thus treated was 34.2% by weight (a ratio of

so change in water content was -17.8%) and residual

monomer content was 0.81 ppm. Then the absorbent

resin composition was cx)ntinuously heated without

closure for 2 hours to dry. Water cx>ntent ofthe absor-

bent after heat treatmentwas 8.5% by weight and re-

55 skiual monomer content was 0.92 ppm.

8
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Example 9

One hundred (100) parts of the absorbent resin

powder (B) prepared in Referential Example was

mixed with 1.0 part of silicon dioxide (produced by Ja- . 5

pan Aerosil K.K. and marketed undertrademark des-

ignation of "Aerosil 100^. An aqueous liquid ofreduc-

ing substance was prepared by dissolving 1 part of

sodium hydrogen sulfite as a reducing substance in

60 parts of water and 8 parts of isopropanoL This 10

aqueous liquid was mbced with the mbcture ofthe ab-

sorbent resin powder (B) with silicon dioxide by the

use of a high-speed paddle type mixing device. The

at>sorbent resin composition consequently obtained

wasfoundtohaveawatercontentof37.5%byweighL is

Then, the absorbent resin composition was

placed in a cylindrical vessel (2) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated In a furnace at 1 50 *>C for 1

hour. After the heat treatment the absorbent resin 20

composition (processed absorbent resin) was found

to have a water content of 28.9% by weight and a re-

sidual monomer content of 0.89 ppm. Subsequently,

the at>sorbent resin composition was removed from

the vessel, dried with hot air at 80 ""C for 3 hours, and 25

sifted with a 20-mesh metallic screen to obtain a thru-

20 mesh absorbent resin. This absorbent resin was

found to have a residual monomer content of 0.92

ppm,
30

Example 10

One hundred (100) parts of the absorbent resin

powder (6) obtained in Referential Example was

mbced with 0.7 part of sodium dtalkyt sulfosucdnate 35

as a surfactant (produced by Kao Soap Co., Ltd, and

marketed undertrademarkdesignation of*Pelex OT-

P"). Asolutfon prepared by dissolving 1 partofsodium
.

hydrogen sulfite as a reducing substance in 33 parts

of waterwas mbced with the mbcture of the absorbent 40

resin powder (B) with the surfactant by the use of a

high-speed paddle type mixing device. The at>sorbent

resin composition consequently formed was found to

have a water.content of 25.0% by weight

Then, the absort>ent resin compositbn was 45

placed in a cylindrical vessel (2) measuring 10 cm In

insl(je diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 140 **G for 1

0

hours. After the heat treatnnent the absorbent resin

composition (processed absorbent resin) was found so

to have a water content of 24.8% by weight and a re-

skjual monorher content of 0.83 ppm. Subsequently,

the absorbent resin composition was removed from

the vessel, heat-treated with a fluidized-bed drying

device at 60 ''C for 5 hours, and sifted with a 20-mesh ss

nietalllc screen to obtain a thru-20 mesh absorbent

resin. This absort>ent resin was found to have a resid-

ual monomer cx}ntent of 0.84 ppm.

Example 11

One hundred (100) parts of the absorbisnt resin

powder (B) obtained in Referential Example was
mixed with 1 .0 part of silicon dioxide treated to be en-

dowed with hydrophobicity (produced by Japan Aero-

sil K.K. and marketed under tradennark designation

of "Aerosil R972"). An aqueous liquid of a reducing

substanc^e was prepared by dissolving 2 parts of so-

dium thiosulfate as a redu<:ing substance in 67 parts

of water. This aqueous liquid was mbced with the mbc-

ture of the absorbent resin powder (B) with the hydro-

phobic silicon dioxide by the use ofa high-speed pad-

dle type mbcing device. The absorbent resin compo-

sition cx>nsequently obtained was found to have a wa-

ter eContent of 40.2% by weight

Then, this absorbent resin compositk>n was
placed in a cylindrical vessel (2) measuring 10 cxn in

inside dianneter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 160 **Gfor30

minutes. After the heat treatment the absorbent res-

in composition (processed at>sorbent resin) was

found to have a water content of34.2% by weightand

a reskiual monomer content of 0.56 ppm. Subse-

quently, the absorbent resin compositbn was re-

moved from the vessel, dried with hot air at 70 for

5 hours, and sifted with a 20-mesh metallic screen to

obtain a thru-20 mesh absorbent This absort>entwas

found to have a residual monomer content of 0^56

ppm.

Example 12

One hurKired (100) parts of the absorbent resin

powder (B) obtained in Referential Example was

mbced with 2.0 parts of aluminum oxide (prcxiuced by

Degussa K.K. and marketed under trademark desig-

nation of "Aluminum Oxide 0"). An aqueous Tiquid of

a reducing substance was prepared by dissolving 1

part of sodium sulfite as a reducing substance in 120

parts of water and 2 parts of ethanol. This aqueous

liquid was mbced with the mixture of the absorbent

resin powder (B) with the aluminum oxkle by the use

of a high-speed paddle type mbdng device. The ab-

sort>ent resin compositbn consequently obtained

was found to have awater contentof54.7% byweight

Then, the absorbent resin cx>mpositk)n was

placed in a cylindrical vessel (2) measuring 10 cm In

inskJe diameter and 10 cm in length, tightly sealed

therein, and heat-treated in furnace at 180 ''C for 10

hours. After the heat treatment the absorbent resin

composition (processed absort>ent resin) was found

to have a water content of 35.2% by weight and a re-

sidual monomer content of 0.71 ppm. Subsequently,

the absorbent resin composition was removed from

the vessel, heat-treated in a fluidized-bed drying de-

vice at 80 **C for 3 hours, and sifted with a 20-mesh

metallic screen to obtain a thru-20 mesh absorbent

9
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resin. This absorbent resin was found to have a resid-

ual monomer content of 0.75 ppm.

Example 13

5

One hundred (100) parts of the absorbent resin

powder (B) obtained in Referential Example was

mixed with 2.0 parts of activated carbon. An aqueous

liquid of a reducing substance was prepared by dis-

solving part ofsodium sulfite as a reducing substance io

in 54 parts of water and 2 parts of isopropand. This

aqueous liquid was mixed with the mbcture of the at>-

sorbent resin powder (B) with the activated carbon by

the use of a high-speed paddle type mbcing device.

The absorbent resin composition consequently ob- is

tained was found to have a water content of 35.0% by

weight

Then, this absorbent resin was placed in a fur-

nace of the type adapted to admit a blown stream of

steam and heat-treated therein with the introduced 20

steam at 120 •C. After the heat treatment, the absor-

bent resin composition (processed absorbent resin)

was found to have a water content of40.2% by weight

and a residual monomer content of 0.53 ppm. There-

after, the absorbent resin composition was removed 25

from the vessel, dried with hot air at 50 ^'C for 10

hours; and sifted with a 20-mesh metallic screen to

obtain a thru-20 mesh absorbent resin. This absor-

bent resin was found to have a residual nrK)nomercon-

tent of 0.53 ppm, 30

Example 14

One hundred (100) parts of the at)sorbent resin

powder (B) obtained in Referential Example was 35

mixed with 2.0 parts of a fine powder of polymethyl

methacrylate. A solution was prepared by dissolving

1 part of sodium hydrogen sulfite as a reducing sub-

stance in 60 parts ofwater. The resultant solution was
mixed with the mbcture of the absorbent resin powder 40

(B)with polymethyl methacrylate bytheuseofa high-

speed paddle type mbcing devic:e. The absort)ent res-

in composition consequently obtained was found to

have a water content of 37.5% by weight

Then, this absorbent resin composition was 45

placed in a cylindrical vessel (2) measuring 10 cm in

inside diameter and 10 cm In length, tightly sealed

therein, and heat-treated in a furnace at200^0 for 10

minutes. After the heat treatment the absorbent res-

in composition (processed absorbent resin) was so

found to have a water content of 35.2% by weight and

a residual monomer content of 0.27 ppm. Subse-

quently, the absorbent resin composition was re-

moved from the vessel, heat-treated in a fluidized-

bed drying device at 120 ''C for 2 hours, and sifted ss

with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent resin. This absorbent resin was
found to have a residual monomer content of 0.93

ppm.

Control 1

One hundred (100) parts of the absorbent resin

powder (B) obtained in Referential Example was
mbced with an aqueous liquid having 0.3 part of so-

dium hydrogen sulfite dissolved in 5 parts ofwater by .

the use of a high-speed paddle type mixing device.

The absorbent resin for comparison consequently ob-

tained was found to have a residual monomer content

of 21.0 ppm.

Control 2

One hundred (100) parts of the absorbent resin

powder (B) obtained in Referential Example was
mbced with a solution of 1 part of hydroxyl amine hy-

drochloride In 50 parts of water by the use of a high-

speed paddle type mbdng device. The absorbent res-

in composition consequently obtained was found to

have a water content of33.3% by weight This absor-

bent resin composition was removed from the mbcing

device, dried with hot air at 120 ""C for 2 hours, and

sifted with a 20-mesh metallic screen to obtain a thru-

20 mesh absorbent This absorbent resin for compar-

ison was found to have a water content of 2.7% by

weight a ratio ofchange of-92% in watercontent and

a residual monomer content of 80.3 ppm.

Control 3

One hundred (100) parts of the absorbent resin

powder (B) obtained in Referential Example and a

solution of 5 parts of sodium hydrogen sulfite in 300

parts ofwaterwere mbced by the use of a high-speed

paddle type mbcing device. The absorbent resin (»)n>-

position cx}nsequently obtained was found to have a

water (x>ntent of75.2% byweight This absorbent res-

in composition was removed from the mbdng device,

dried with hot air at 120 °C for two hours, and sifted

with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent This absorbent resin for comparison

was found to have a water content of 3.3% by weight

a ratio of change of -98% in water content and a re-

sidual monomer content of 33.4 ppm.

Control 4

One hundred (100) parts of the absorbent resin

powder (B) obtained in Referential Example was

mixed with 1 .0 part of silicon dioxide treated to be en-

dowed with hydrophobicity (produced by Japan Aero-

sil K.K. and marketed under trademark designation

of "Aerosil R972"). An aqueous liquid of a reducing

substance was prepared by dissolving 2 parts of so-

dium thiosulfate as a reducing substance in 20 parts

of water. This aqueous liquid was mbced with the mbc-

10



19 EP0 605 215 A1 20

tureof the absorbent resin powder (B) with the hydro-

phobic si (icon dioxide by the use of a high-speed pad-

dle type mixing device. The absorbent resin compo-

sition consequently obtained was found to have awa-

ter content of 16.7% by weight Then, this absorbent

resin composition was removed from the mixing de-

vice, dried with hot air at 110 ^'C for 10 hours, and sift-

ed with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent resin for comparison. This absorbent

resin for comparison was found to have a water con-

tent of 8.6% by weight a ratio of change of -49% in

water content and a residual monomer content of

62.5 ppm.

Control 5

An aqueous liquid ofreducing substancewas pre-

pared by dissolving 1 part of sodium thiosutfate as a

reducing substance in 1,900 parts of water. This aqu-

eous liqu id was mixed with 1 GO parts of the at>sorbent

resin powder (B) obtained in Referential Example by

the use of a twin-arm Icneader. The al>sort>ent resin

composition consequently obtained was found to

have a water content of 95.0% by weight

Then, this absorbent resin composition was
placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 150 ^'C for

one hour. After the heat-treatment the absorbent

resin composition (processed absorbent resin) was
found to have a water content of 76.2% by weight a

ratio of change of-20% in water content and a resid-

ual monomer content of 14.2 ppm. Subsequently, the

processed absorbent resin was removed from the

vessel, dried with hot air at 150 ""C for three hours,

and sifted with a 20-mesh metallic screen to obtain a

thru-20 mesh absorbent resin for comparison. The

absorbent resin for comparison was found to have a

residual monomer content of 31 .6 ppm.

Control 6

One hundred (100) parts of the absort>ent resin

powder (B) obtained In Referential Example was
mixed with 2.0 parts of aluminum oxide (produced by

Degussa K.K. and marketed under trademark desig-

nation of "Aluminum Oxide C"). An aqueous liquid of

redudng substance was prepared by dissolving 1 part

of sodium sulfite as a reducing substance in 40 parts

of water and 2 parts of ethanol. By the use of a high-

speed paddle type mbcing device, this aqueous liquid

was mbced with the mbcture of the absorbent resin

powder (B) with aluminum oxide. The absorbent resin

composition consequently obtained was found to

have a water content of 28.6% by weight

Then, this absorbent resin composition was
placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 in length, tightly sealed

therein, and heat-treated in a furnace at SO'^C for 30
minutes. After the heat treatment the absorbent res-

in composition (processed absorbent resin) was
found to have a water content of 28.5% by weight a

5 ratio of diange of 0% in water content and a residual

monomer content of 21.7 ppm. Subsequently, the

processed absorbent resin was removed from the

vessel, heat-treated in a fluidized-bed drying device

at 80 ""C for 3 hours, and sifted with a 20-mesh met-

10 allic screen to obtain a thru-20 mesh absorbent resin

for comparison. This absorbent resin for comparison

was found to have a reskiual monomer contentof21 .8

ppm.

IS Control 7

One hundred (100) parts of the absorbent resin

powder (B) obtained in Rererential Example was
mbced with 2.0 parts of activated carbon. An aqueous

20 liquid of reducing suk>stancewas prepared by dissolv-

ing 1 part of monoethanol amine as a reducing sub-

stance in 25 parts ofwaterand 2 parts ofisopropanol.

By the use ofa high-speed paddle type mbdng device,

this aqueous liquid was mbced with the mixture ofthe

25 absort>ent resin powder(B)with the activated c^arbon.

The absorbent resin composition consequently ob-

tained was found to have a water content of20.0% by

weight

Then, this absorbent resin compositktn was
30 placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and leftstanding at normal room temperature

for 10 hours. After the standing, the absorbent resin

composition (pr(x:essed absorbent resin) was found

35 to have a water content of 19.6% by weight a ratio of

change of-2% in water (intent and a residual mono-

mer content of 28.2 ppm. Sut>sequently, the process-

ed absorbent resin was removed from the vessel,

dried with hot air at 1 00 ^^C for3 hours, and sifted with

40 a 20-mesh metallic screen to obtain a thru-20 mesh
absorbent resin for comparison. This absorbent resin

for comparison was found to have a residual mono-

mer content of 30.5 ppm,

45 Control 8

An at>sort}ent resin for comparison was obtained

by drying the processed absorbent resin (having a

water content of 28.9% by weight) obtained In Exano-

so pie 9 at 150 ^'C for 3 hours. This absorbent resin for

comparison was found to have a residual monomer
content of 11.2 ppm.

Control 9

55

An absorbent resin for comparison was obtained

by drying the processed absorbent resin (having a

water content of 24.8% by weight) obtained in Exam-

11
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pie 10 at 180 ''C for 2 hours. This absorbent resin for

comparison was found to have a residual nionomer

content of 19.3 ppm.

ControMO

A solution of 328 parts of acrylic acid and 2.6

parts of N,N'-methy1ene bis-acrylamide in 980 parts

of detonized water was adjusted to pH 4.0 with 127.5

parts of sodium bicartxsnate. The resultant solution

was deprived of dissolved oxygen by introducing a

blown stream of nitrogen gas. The aqueous nK}nomer
solution and a solution of 0.36 part of azo-bis-amidi-

nopropane dihydrochloride, 0.73 part of potassium

persulfate, 1,34 parts ofsodium hydrogen sulfite, and

0.06 part of iron (10 gluconate in 120 parts of water

were together subjected to stationary polymerization

to obtain a gel hydrated polymer. This gel polymerwas
pulverized. Then, 100 parts of the polynrter as solids

and 2 parts of hydroxyl amine hydrochloride were

mixed. The gel polymer having a water content of

77.0% by weight was dried with hot air at 110 "C for

2 hours, pulverized with a crushing device, and sifted

with a 20-mesh metallic screen to obtain a thru-20

mesh absorbent for comparison. The absorbent for

comparison was found to have a water content of

4.2% by weight a ratio of change of-95% in water

content, and a residual monomercontent of32.1 ppm.

Example 15

One hundred (100) parts of the absori^ent resin

(B) obtained in Ref^^ntial Example was mixed with

1.0 part of silicon dioxide (produced by Japan Aerosil

K.K. and marketed under trademark designation of

"Aerosil 200"). An aqueous liquid of reducing sub-

stance was prepared by dissolving 1 part of sodium

hydrogen sulfite as a reducing substance in 70 parts

of water and 8 parts of isopropanol. By the use of a

high-speed paddle type mbdng device, this aqueous

liquid was mixed with the mbcture of the absorbent

resin (B) with silicon dioxide. The absorbent resin

composition consequently obtained was found to

have a water content of 41 .3% by weight

Then, the absorbent resin composition was
placed in a cylindrical vesser(l) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 150^*0 for

one hour. Afterthe heattreatment the absort>ent res-

in composition was found to have a water content of

40.2% by weight and a residual monomer content of

0.62 ppm. Subsequently, the absorbent resin compo-

sition was removed from the vessel, dried with hot air

at 60 ''C for 4 hours, and sifted with a 20-mesh met-

allic screen to obtain a thru-20 mesh absorbent The
absorbent was found to have a residua! monomer
content of 0.63 ppm.

Example 16

One hundred (100). parts of the absorbent resin

(B) obtained in Referential Example was mixed with

5 0.7 part of sodium dialkyi sulfosuccihate as a surface

tant (produced by Kao Soap Co., Ltd. and marketed

under trademark designation of "Pelex OT-P*). By

the use of a high-speed paddle type mixing device, a

solution of 1 part of sodium hydrogen sulfite as a re-

10 ducing substance in 25 parts ofwaterwas mbced with

the mbcture ofthe absorbent resin (B) withthe surfac-

tant The absorbent resin compositton consequently

obtained was found to have a water content of20.5%

by weight

15 Then, the absorbent resin composition was
placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heaMreated in a furnace at 120 °C for 1

hour. After the heat treatment the absorbent resin

20 composition was found to have a water content of

20.2% by weight and a residual monomer content of

3.81 ppm. Subsequently, the absorbent resin compo-

sition was removed from the vessel, heat-treated

with a fluklized-t>ed drying device at 90 ""C for 2

25 hours, and sifted with a 20-mesh metallic screen to

obtain a thru-20 mesh absorbent This absorbentwas
found to hsve a residual monomer content of 4.21

ppm.

30 Example 17

One hundred (100) parts of the absorbent resin

(B) obtained in Referential Example was mixed with

1 .0 part of silicon dioxkje treated to be endowed with

35 hydrophobicity (pnxJuced by Japan Aerosil K.K. and

marketed under trademark designation of "Aerosil

R972"). An aqueous liquid of reducing substance was
prepared by dissolving 2 parts of sodium thiosulfate

as a reducing substance in 50 parts of water. By the

40 use of a high-speed paddle type mixing device, this

aqueous lk|uid was mbced with the mixture of the ab-

sorbent resin (B) with the hydrophobic silicon dioxkJe.

The at>sorbent resin composition consequently ob-

tained was found to have a water content of33.5% by

45 weight

Then, the absorbent resin composition was
placed in a well closed paddle drier having a jacket

heated to 160 "^C and, after 10 minutes a part of the

absorbent resin composition was removed. Water

so content of the absort}ent resin (X)mposition was

27.2% by weight and residual monomer content was
0.80 ppm. And then it was heated without closure

therein for 2 hours to dry. After that the absorbent

was found to have a water content of 7.2% by weight

55 and a residual monomer cx)ntent of 1 .82 ppm.

12



23 EP0 605 215 A1 24

Example 18

One hundred (100) parts of the absorbent resin

(B) obtained in Referential Exannpie was mbced with

2.0 parts of aluminum oxide (produced by Degussa

K-K. and marketed under trademark designation of

"Aluminum Oxide C^. An aqueous liqukJ of reducing

substance was prepared by dissolving 1 part of so-

dium sulfite as a reducing substance in 120 parts of

water and 2 parts of ethanol. By the use of a high-

speed paddle type mixing device, this aqueous liquid

was mixed with the mixture of the absorbent resin (B)

with aluminum oxide. The absorbent resin composi-

tion consequently obtained was found to have a water

content of 51.2% by weight

Then, this absorbent resin composition was

placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length and heat-treated

in a furnace at lOO'C for 10 hours. After the heat

treatment, the absorbent resin composition was

found to have a water content of 50.3% by weight and

a residual monomer content of 1.25 ppm. Subse-

quently, the absorbent resin composition was re-

moved from the furnace, heat-treated in a fluidized-

bed drying device at 80 **C for 3 hours, and sifted with

a 20-mesh metallic screen to obtain a thru-20 mesh

absorbent This absorbent was found to have a resid-

ual monomer content of 2.05 ppm.

Example 19

One hundred (100) parts of the absorbent resin

obtained in Referential Example was mbced with 2.0

parts of activated carbon. An aqueous liquid ofreduc-

ing substance was prepared by dissolving 1 part of

sodium sulfite as a reducing agent in 60 parts ofwater

and 2 parts of isopropanol. By the use of a high-

speed padding type mixing device, this aqueous liq-

uid was mbced with the mbcture of the absorbent resin ^

composition (B) with the activated carbon. The absor-

bent resin composition consequently obtained was

found to have a water content of 38.1% by weight

Then, this absorbent resin composition was

placed in a furnace of the type adapted to admit a

blown stream of steam and heat-treated therein with

a stream at 180 for 2 hours. After the heat treat-

ment, the absorbent resin composition was found to

have a water content of 37.1% by weight and a resid-

ual monomer content of 0.05 ppm. Subsequently, the

absorbent resin composition was removed from the

vessel, dried with hot air at 50 'C for 10 hours, and

sifted with a 20-mesh metallic screen to obtain a thru-

20 mesh absorbent This absorbent was found to

have a residual monomer content of 0.08 ppm.

Example 20

One hundred (100) parts of the absorbent resin

(B) obtained in Referential Example was mbced with

2.0 parts of fine powder of polymethyl methacrylate.

By the use ofa high-speed paddle type mbcing device,

a solution of part of sodium hydrogen sulfite as a re-

5 ducing substance in 120 parts of water was mbced

with the mbcture of the absorbent resin (B) with poly-

methyl methacrylate. The absorbent resin compose

tion consequently obtained was found to have a water

content of 55.2% by weight

10 Then, the absorbent resin composition was

placed in a cylindrical vessel (1) measuring 10 cm in

inside diameter and 10 cm in length, tightly sealed

therein, and heat-treated in a furnace at 200 *C for

one hour. After the heat treatment, the absorbent res-

ts in composition was found to have a water content of

53.8% by weight and a residual monomer content of

0.21 ppm. Subsequently, the absorbent resin compo-

sition was removed from the vessel, heat-treated in

a fluidizeci-bed drying device at 90 ""C for2 hours, and

20 sifted with a 20-mesh metallicscreen toobtain a thru-

20 mesh at)sort)€nt This absorbent was found to

have a residual nionomer content of 0.73 ppm.

The working examples and controls descrit>ed

above support the following conclusion. For the pur-

25 pose of decreasing the residual monomer content in

an absorbent resin, it is very important that the

amount ofwater existing during the additk>n of a sub-

stance capable ofreacting with the residual monomer

and the ratio of change in water content during the

30 subsequent step of heattreatment should be retained

within respectively specifled ranges, ^4o efficient de-

crease of the residual monomer content is attained

when the amount ofwater to be added is unduly small

or unduly large. Even iftheamount ofwater to be add-

as ed is optimum, the residual monomer content is not

efficiently decreased when the absorbent resin is inv

mediately dried.

The efficiency with which the reskluai monomer

content in an absorbent resin can be conspicuously

40 exalted by optimizing the anrwunt of water existing

during the addition ofa substance capable ofreacting

with the residual inonomer and performing the sub-

sequent step of heat treatmentwhile retaining the ra-

tio of change in water content within a specific range.

45 This invention produces an absortjent of highly safe

quality containing virtually no residual monomer.

Thus, it ensures stable and highly efficient production

of an absort)ent enjoying highly safe quality.

Forthe purpose ofdecreasing the residual mono-

50 mer content in an absort)ent resin powder, the re-

quirement that the amount of water existing during

the addition of a substance capable of reacting with

the residual monomer and the change in the water

content during the subsequent step of heat treatment

55 should remain within respectWely specific ranges is

very important and the temperature and duratton of

the heat treatment are also important No efficient

decrease of the residual monomer cxintent is obtained

13
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when the amount of water added is unduly small or

unduly large. Even iftheamount ofwater added is op-

timum, the residual monomer content is not efficient-

ly decreased when the absorbent resin is inrtmediately

dried or it is dried at an unduly high temperature.

From the results given above, it is concluded that

the residual monomer content can be decreased with

high efficiency by optimizing the amount of water

added during the addition of a substance capable of

reacting the residual monomer, carrying out the heat

treatment while retaining the water content within a

specific range, and subsequently performing the op-

eration of drying at the lowest possible temperature.

It has been ascertained that this invention produces

an absorbent resin containing virtually no residual

monomer. Thus, this invention allows an absorbent

resin of highly safe quality to be produced stably and

efficiently.

The absorbent of this invention has contained in

an absorbent resin substantially no detectable resid-

ual monomer. None of the conventional techniques

has succeeded in producing an absorbent of this high

quality. By making the most of these characteristic

properties, therefore, the absorbentor at>sorbent res-

in which is obtained by this invention can be Ideally

utilized in applications such as absorbent materials

for disposable diapers, sanitary napkins, or other

sanitary materials, water-retaining mat^'afs for med-
ical treatments, water-retaining materials for agro-

nomic operations, and desorbing materials fcH* vari-

ous industries which invariably necessitate the ability

to absorb water or the ability to retain water.

Claims

1. A method for treating an absorbent resin com-

prising (a) a step of adding to an absorbent resin

a substance capable of reacting with the residual

monomer in said absorbent resin thereby forming

an absorbent resin composition having a water

content in the range of 10 to 70% by weight and

(b) a step of heat-treating said absorbent resin

composition ata temperature in the range of 100*

to 200 °C for not less than 10 minuteswhile keep-

ing the ratio ofchange in watercontentofsakl at>-

sorbent resin composition within 20%.

2. A method according to daim 1 , wherein said ab-

sorbent resin powder is a partially neutralized

crossllnked polyacryllc add.

3. A method according to dalm 1 , wherein said sub-

stance capable of reacting with the residual

mononrier in said absorbent resin powder is at.

least one member selected from the group con-

sisting of nitrogen-containing compounds, sulfur-

ous ackl (and salts thereof), hydrogen sulfite

(and salts thereof), phosphorous add (and salts'^

thereof), pyrosulfurous acid (and salts thereof),

hypophosphorous add (and salts thereof), and

thiosutfuric acid (and salts thereof).

5

4. Amethod according to daim 1, wherein said sub-

stance capable of reacting the residual monomer
in said absorbent resin powder is at least one re-

dudng sul}stance selected from the group con-

10 sisting of sulfurous acid (and salts thereof), hy-

drogen sulfite (and salts thereof), pyrosulfurous

acid (and salts thereof), and thiosulfuric acid

(and salts thereof).

IS 5. A method according to daim 1, wherein said ab-

sorbent resin treated at the step of(a) has a water

content in the range of 20 to 60% by weight

6. A method according to daim 1 , wherein the ratio

20 of change in water content at the step of (b) is

within 10%.

7. A method according to daim 1 , wherein the tem-

perature of the heat treatment atthe step of (b)

25 is in the range of 120 to 180 ""C.

8. A method according to daim 1, wherein the per-

iod of the heat treatment at the step of (b) is in

the range of 10 minutes to 1 0 hours.

30

d. A method according to daim 1 , wherein the heat

treatment at the step of (b) is carried out in a

tightly dosed state and/or under a high humid at-

mosphere,

35

10. Amethod according to daim 1, wherein said at>-

sorbent resin composition at the step of (a) fur-

ther contains therein at least one additive select-

ed from the group consisting of water-insoluble

40 particulate substances, surfactants, and organic

solvents.

11. Amethod forthe production ofan absorbent resin

comprising (a) a step of adding to an absorbent

45 resin powder a substance capable of reacting a

residual nrK>nomer in said at)sort>ent resin powder

thereby forming an absort>ent resin composition

having a water content in the range of 25 to 55%
by weight (b) a step of heat-treating said absor-

50 . bent resin composition at a temperature in the

range of 120 to 200 ""C fora period of not less than

10 minutes while retaining the water content of

said absoirt>ent resin composition In said range

thereby obtaining a processed absort>ent resin,

55 . and (c) a step ofdrying sakJ processed absorbent

resin at a temperature not exceeding 120 X.

1 2. Amethod according to daim 11 , wherein sakJ ab-

14
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sorbent resin powder is a partially neutralized

crossllnked polyacrylic add.

13. A method according to claim 11, wherein said

substance capable of reacting with the residual

monomer In said absorbent resin powder is at

least one member selected from the group con-

sisting of nitrogen-containing compounds, sulfur-

ous acid (and salts thereof), hydrogen sulfite

(and salts thereof), phosphorous acid (and salts

thereof), pyrosutfurous acid (and salts thereof),

hypophosphorous acid (and salts thereof), and

thiosulfuric acid (and salts thereof).

14. A method according to daini 11, wherein said

substance capable <tfreacting the residual nriono-

mer in said absorbentresin powder is at least one

reducing substance selected from the group con-

sisting of sutfurous acid (and salts thereof), hy-

drogen sulfite (and salts thereoQ. pyrosulfurous

acid (and salts therecQ, and thiosulfuric add

(and salts thereof).

1 5. Amethod according to daim 1 1 , wherein the tem-

perature of the heat treatment at the step of (b)

is in the range of 150 to 170 ^'C.

16. Amethod according to daim 11 , wherein the per-

iod of the heat treatment at the step of (b) is in

the range of 1 0 minutes to 10 hours.

17. Amethod according to daim 11, wherein the tem-

perature ofthe drying treatment at the step of (c)

is in the range of 50 to 100 ^'C.

18. Amethod according to daim 11, wherein the dry-

ing temperature at the step of (c) is in the range

of60« to80*»C.

10

IS

20

23. An absorbent according to claim 21 , wherein said

absorbent resin is a partially neutralized cross-

linked polyacrylic acid.

24. An absorbent according to daim 21, which fur-

ther comprises at least one additive selected

from the group consisting ofwater-insduble par-

ticulate substances, surfactants, and organic sol-

vents.

25

30

35

19. Amethodaccordingtodaim 11. wherein said ab- 40

sorbent resin composition at the step of (a) fur-

ther contains therein at least one additive select-

ed from the group consisting of water-insduble

particulate substance, surfactants, and organic

solvents. 45

20. A method according to daim 11 , wherein the dry-

ing at the step of (c) is carried out until the water

content reaches at least 15% by weight

21. An absorbent having contained in an absorbent

resin a residual monomer in an amount of not

more than 5 ppm.

so

22. An absorbent according to claim 21, wherein the

content of said residual monomer is in the range

of 0.01 to 2 ppm.

55
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